A novel gene glaikit (gkt) has been identi®ed which is expressed in the delaminating neuroblasts of the D. melanogaster embryonic central nervous system. At the earliest stages of embryonic development the expression of glaikit was ubiquitous, but by the time the neuroblasts are delaminating gkt expression became restricted to neuroblasts and a few ganglion mother cells. The gkt gene has no characterized homologues and encodes no previously described protein motifs. There are, however, evolutionary conserved predicted genes present in S. pombe, S. cerevisiae and C. elegans. Ectopic neuroblasts induced in either Notch or Delta mutant backgrounds also showed expression of glaikit. q
Results and discussion
The expression pattern of the gkt transcript was investigated while studying the region of insertion of the P-lacW line l(2)k00223, an allele of Mad (Roch et al., 1998 ; Berkeley Drosophila Genome Project (BDGP) database). The gkt transcript starts 353 bp upstream of the Mad transcriptional start site, and is transcribed in the opposite direction (Fig. 1A) . The transcriptional start site was derived from mapping the 5 H ends of three expressed sequence tags (ESTs) to this region and from the gene predictive program GeneId (Parra et al., 2000) . The 5 H ends of LD37277 and LD43852 mapped to the same point, while the 5 H end of LD07138 was located 48 bp downstream from that of LD37277 and LD43852 (Fig. 1A) . LD07138 was fully sequenced and found to encode a fulllength transcript containing 1913 bp (accession no. AJ277122). The intron/exon structure of this gene was established by comparing the genomic sequence for this region (available in the P1 clone DS08493 in the BDGP database) with that of the full EST sequence (Fig. 1A) . This intron/exon structure was in agreement with the gene structure derived using GeneId (Parra et al., 2000) . The full length EST contained an open reading frame (ORF) of 580 amino acids, which had no homology with any known proteins or any known protein motifs. There were, however, homologous predicted genes present in the genomes of C. elegans, S. pombe, and S. cerevisiae. ClustalW analysis (Thompson et al., 1994) of these predicted gene products with the gkt ORF revealed the presence of a number of conserved motifs, the most striking of which had the consensus sequences W-LLTSANLSKAAWG and YEAGVL, respectively, (Fig. 1B) .
The wild-type expression pattern of gkt in D. melanogaster embryos was investigated by whole mount non-radioactive in situ hybridization (ISH) using an anti-sense riboprobe derived from the EST LD07138. In pre-gastrulation embryos (pre stage 6, according to Campos-Ortega and Hartenstein, 1985) the expression of gkt was ubiquitous and present at all stages, indicating a strong maternal contribution for this gene (Fig. 2B ). In stage 7 embryos expression of the transcript was lost from the mesoderm but remained throughout the ectoderm. In stage 8 embryos the expression of gkt was stronger in the ventral region than in the dorsal region, and also reduced in the ventral midline (Fig. 2C,D) . Between stages 10 and 11 gkt expression was lost from the neuroectoderm but could still be detected in neuroblasts (NBs). This resulted in an expression pattern for gkt that was speci®c for delaminated NBs, and some of their progeny ganglion mother cells (GMCs), in the ventral and procephalic neuroectoderm of stage 11 embryos (Fig. 2E±  G) . However, we cannot exclude that some post-mitotic neurons are also expressing gkt. The gkt positive NBs in the stage 11 embryo are present in a layer that is close to neuroectoderm from which they originated (Fig. 2K) . After stage 11 the expression of gkt remained restricted to NBs (00)00381-6 www.elsevier.com/locate/modo and some GMCs but the level of transcript was observed to decrease such that after stage 13 little or no transcript was detected in the NBs derived from the ventral neuroectoderm (Fig. 2H,I ). Expression persisted in NBs and GMCs derived from the procephalic neuroectoderm until stage 14, but thereafter was not detected. At later stages in the develop- Fig. 1. (A) Map of glaikit genomic region obtained using Gff2ps (Abril and Guigo, 2000) . This map is based on the genomic sequence contained in the P1 clone DS08493 (Berkeley Drosophila Genome project: accession no. AC004422). The 5 H end of Mad is indicated (described previously in Sekelsky et al., 1995; Wiersdorff et al., 1996) , and is 353 bp upstream of the gkt transcript and transcribed in the opposite direction. The insertion site of the P-lacW line l(2)k00223 in the 5
H untranslated region of Mad is indicated. The uncharacterized transcript DMU29170 is present 1484 bp downstream of the 3 H end of the glaikit gene. The predicted genomic structure of the gkt gene was derived using the full sequence of the EST LD07138 (accession no. AA263912), and consists of ®ve exons and four small introns. Also shown is the predicted genomic structure of gkt as derived from the geneID program (Parra et al., 2000) . The partial sequences available for the independently derived ESTs LD37277 (accession no. AI457054), and LD43852 (accession no. AI512123), are also shown aligned. (B) Amino acid sequence alignment of glaikit and the homologous predicted sequences from C. elegans (accession no. AAC68960.1), S. pombe (accession no. CAB58371.1), and S. cerevisiae (accession no. CAA85186), as obtained from the ClustalW program (Thompson et al., 1994) and shaded using the Boxshade program. Identical residues are shaded dark grey, while similar residues are shaded light grey. ment of the embryo no transcript for gkt was detected except for a faint positive message in the prospective gonads at stage 16 (data not shown).
To further characterize the expression pattern of gkt in the newly forming CNS, embryos were double stained for gkt transcript and a NB marker, the transcription factor hunchback (hb) (Jimenez and Campos-Ortega, 1990 ). In stage 11 embryos Hb was no longer detected in NBs but was still expressed in the GMCs derived from the SI and SII NBs (Kambadur et al., 1998) . At this stage the double labelling showed that there was a clear segregation in the pattern of staining for gkt and Hb when embryos were viewed laterally (Fig. 2J,L) . Hb positive cells were in a single layer, in the interior-most region of the developing CNS, while the gkt positive cells were in a distinct layer that was closer to the ectoderm, i.e. in NBs.
The expression of gkt was tested in a Delta mutant background since there is neurogenic hyperplasia due to the loss of lateral inhibition in these embryos (Vassin and CamposOrtega, 1987) . The expression of gkt was found in an expanded number of cells compared to that of wild-type embryos, and this expanded number corresponded to the extra NBs induced through the loss of Delta signalling (Fig. 2M,N) . The signi®cance of the expression of gkt in NBs of the embryonic CNS requires further investigation and the isolation of mutant alleles for this gene.
Materials and methods
Immunocytochemistry was based on the ImmunoPure ABC peroxidase mouse IgG staining kit (Pierce) for light microscopy, and used according to the manufacturers instructions. The guinea pig anti-hb (a gift from J.A. Campos Ortega) was used at a ®nal dilution of 1:400. Stained embryos were dehydrated, washed in Xylene then mounted in DePeX (Serva). Mounted embryos were photographed on a Zeiss Axiophot microscope. Whole mount in situ hybridization using RNA probes was performed according to (O'Niell and Bier, 1994) , with the exception that embryos were ®rst ®xed in 4% formaldehyde and that the proteinase K treatment was omitted. Drosophila strains were maintained at 258C using standard media. Fig. 1 was drawn with the aid of the gff2ps program. 
